The objective of this paper is to give an overview of recent developments in application of artificial and natural sensors for measuring relevant quantities for control of FES and to review some examples of proposed use of these sensors in feedback control of FES. 3.
ARTIFICIAL AND NATURAL SENSORS
- Figure I . Hierarchical FES control system. figure 2 [ 11.
angles from the gyroscope signals [7,8,9]. Figure 3 shows a reconstruction of knee angle from a 3D inertial sensor on thigh and shank, compared to knee angle measurement with a VICON optokinetic measurement system. The orientation of the sensor with respect to the leg segments was identified from a reference measurement of knee flexion and extension.
1.5

Natural Sensors
Recently, it has been demonstrated that signals can be derived chronically from natural sensors of the human body [2,3]. It specifically concerns signals from the skin sensors, providing information about the pressure distribution at the skin. This sensory information is especially sensitive for phasic components of skin pressure. In contrast to available artificial pressure and force sensors, both perpendicular and shear components of skin pressure are being sensed. Recent animal experiments have shown that signals from the joint and muscle afferents can be derived with nerve cuff electrodes, giving information about joint angles [4] . However, this has not been demonstrated in humans yet. In a complete triaxial inertial sensor system the accelerometer and gyroscope outputs can be used for mutual calibration, because they are physically dependent: the orientation of the sensor system can be derived at any moment by processing the angular velocity measured by the gyroscope, solving a suitable differential equation [6] . During static phases, the accelerometer gives information about the direction of gravity, which can be used to recalibrate offset angles used for deriving 
3.
A nonlinear model of the natural skin sensor dynamics was obtained experimentally at Aalborg University [2, 101. This model relates physical quantities (applied skin pressure) with sensor output (signals measured with a cuff around the sensory nerve). A problem in the application of this model is that it can not be inverted, which is required when estimating physical quantities from measured signals.
It should be noted that the conversion of sensory signals to physical quantities is not required for all approaches in FES feedback control. The sensory signals can be used by artificial intelligent or learning neurofuzzy controllers which will learn the meaning of the sensory signals implicitly [ll, 121.
However, in order to use explicit knowledge and objectives in control of FES, feedback signals need to be expressed in welldefined physical quantities.
APPLICATIONS OF ARTIFICIAL AND NATURAL SENSORS IN FES CONTROL SYSTEMS
Signals of artificial and natural sensors can be used for feedback at several hierarchical levels of FES control systems ( fig. 1) . Some examples will be given at each level:
The highest control level: intention detection: 1. The intention of the user to perform a certain movement task can be identified from actions of the healthy part of the body. These actions can be assessed by measuring body movements, posture and interface forces with the environment [13, 14, 151 Figure 4 displays the response of the position of center of pressure and crutch force on a stimulation burst applied to the hamstrings during stance.
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DISCUSSION
